Introduction {#sec1}
============

The development of testicular tumors or hydrocele is one of the oldest indications for scrotal ultrasound. However, the number of indications has increased significantly as a result of technological advances in ultrasonography as well as its growing popularity. These indications depend on patient's age, the clinical picture and medical history. Determining the presence of testes in the case of cryptorchidism is the main indication for ultrasound in newborns and infants. Testicular pain, suspected orchitis and epididymitis, testicular and epididymal asymmetry, as well as trauma, pedicle torsion or endocrine disorders, such as precocious puberty, gynecomastia or feminization and abnormal laboratory and tumor marker findings, e.g. alpha-fetoprotein and human chorionic gonadotropin (β-HCG), are indications for scrotal ultrasound in older children. Indications for scrotal ultrasound in adult men include abnormal testicular consistency, suspected testicular tumors, scrotal or inguinal hernia, hydrocele, spermatic cord hydrocele, as well as extraperitoneal and inguinal lymphadenopathy, hematospermia and reproductive failure. The wide range of indications and the high polymorphism of the clinical picture require an ultrasound examiner to have knowledge on the spectrum of the above mentioned pathologies and the applied ultrasound standards, which allows for an assessment of all scrotal structures. Ultrasound standardization is aimed to create appropriate conditions for repeatability and comparability of scrotal ultrasound scans preformed by the same or other examiners^([@cit0001]--[@cit0004])^.

Equipment {#sec2}
=========

Scrotal ultrasound is performed using linear high-frequency transducers (above 7 MHz). Broadband transducers with a frequency range of 6 up to 12 MHz or higher are preferred. The frequency range depends on the testicle size. The linear transducer should have the trapezoidal imaging feature to expand the ultrasound field, thus allowing for an assessment of the maximum longitudinal section of the parenchyma of the entire testis and epidydymis. The penetration depth of the ultrasound beam should be set at about 1--5 cm, so that it would be focused on the entire scrotal and inguinal canal content. Scrotal ultrasound equipment should feature a wide dynamic range (dB) as well as Power or Color and Spectral Doppler options with the possibility to analyze slow blood flow when assessing testicular and spermatic cord perfusion. These options are particularly important in the case of suspected pedicle torsion and for the diagnosis of varicocele. Elastography should be optionally considered, particularly in reference centers, to qualify patients for surgical treatment in the case of testicular, epididymal or extratesticular focal lesions as well as to monitor their treatment.

An ultrasound device should feature a calculation option to measure testicular volume in order to assess three measurement sections perpendicular to one another, as well as a rotating ellipsoid calculation option. An ultrasound device should feature multiple zoom function. The obtained images should be registered in the form of videoprinter or using other carriers, such as CD or USB^([@cit0005]--[@cit0007])^.

Technique {#sec3}
=========

Scrotal ultrasound should be preceded by a thorough medical history and palpation. Palpation is performed to assess testicular and epididymal size, symmetry, tenderness as well as to examine the spermatic cords. In the case of suspected pedicle torsion, palpation should be performed in a standing position. The scrotum (together with its contents) should be elevated with a hand, which alleviates pain accompanying orchitis and epididymitis, and increases pain associated with testicular torsion (Prehn's sign).

Scrotal ultrasound is performed in a patient in a supine or standing position. A lignin roll placed on patient's thighs to support and elevate the scrotum can be used to allow for an assessment of all scrotal structures. A similar effect can be achieved with the patient crossing his legs. This prevents scrotal movement between the thighs and, consequently, its unreliable evaluation. Ultrasound examination begins with an assessment of testicular parenchyma, symmetry, size and echogenicity. Rotating ellipsoid measurement with a precise determination of testicular borders in a maximum longitudinal section can be used for testicular size assessment. Three perpendicular measurements, i.e. top-to-bottom, sagittal and frontal dimensions, can be also used for testicular measurement ([Fig. 1](#f0001){ref-type="fig"}).

![**A.** A measurement of testicular volume based on a rotating ellipsoid. **B.** A measurement of testicular volume based on three perpendicular measurements (a × b × c -- the maximum longitudinal section). **C.** A measurement of testicular volume based on three perpendicular measurements (a × b × c -- the maximum cross-section)](JoU-2016-0039-g001){#f0001}

Testicular volume measurement is a very important component of ultrasound assessment, which allows to determine the effects of detected clinical abnormalities on the size of the gonads^([@cit0008],\ [@cit0009])^. These measurements are performed using the available ultrasound calculation software. An assessment of testicular volume in young children, particularly in cryptorchidism and migratory testis, is a sensitive parameter of growth or growth inhibition. In the case of testicular size or volume asymmetry, an accurate morphometry allows to determine testicular atrophy index (TAI), which describes the difference in the testicular size expressed as percentage, or testicular volume ratio (TVR), which describes the volume ratio of the inappropriately located testis to that of testis located in the scrotum^([@cit0010],\ [@cit0011])^. The repeatability of the obtained dimensions is achieved by performing measurements in maximum sections, with the axial section always showing the mediastinum testis. Ultrasound transducer compression on the testes changes their shape and can lead to false measurements. Preferably, the maximum longitudinal epididymal section should be visualized with the parenchyma of the entire testis. Testicular volume measurement is important in adult patients receiving hormonal therapy following scrotal surgeries.

The evaluation of testicular parenchyma should be performed accurately, starting from the longitudinal sections, through cross-sections and intermediate sections. A comparison between the two testes in terms of echogenicity allows to assess the symmetry of abnormalities, e.g. in post-inflammatory or post-traumatic lesions, lesions secondary to chronic, uncontrolled diabetes and other diseases. Furthermore, attention should be paid to the appearance of stromal connective tissue within the so-called testicular septa. If micro- or macrocalcifications are found in testicular parenchyma, it is necessary to determine whether they are single, have the maximum dimension in long axes, or they are multiple/very multiple and show a uniform uni- or bilateral distribution ([Fig. 2](#f0002){ref-type="fig"}). Microcalcifications are calcium deposits present in the lumen of the seminiferous tubules or within the basement membrane in a number higher than 5 in the entire testis or, according to another definition, in a number higher than 5 in the field of vision^([@cit0012])^.

![**A.** Occasional macrocalcifications (arrows). **B.** Few microcalcifications in both testes (cross-section). **C.** Numerous microcalcifications (longitudinal section)](JoU-2016-0039-g002){#f0002}

If abnormal testicular parenchymal structure is found, it is necessary to assess testicular location (upper pole, lower pole, medial border, outer border). An assessment of the shape of the lesion, i.e. regular/irregular, polycyclic outlines, with/without clear demarcation, hypoechoic/isoechoic/hyperechoic, is a very important component of evaluation. Identification of multiple lesions and determining their location as well as accurate biometry in the case of suspected benign lesions increases the probability of achieving high repeatability of the examination as well as a correct assessment of the size dynamics of the lesion ([Fig. 3](#f0003){ref-type="fig"}). Information on the presence or absence of internal calcifications as well as the vascular pattern (peripheral vasculature of the lesion, the presence of internal vascular segments in the lesion) is also important. In the case of enlarged mediastinum testis with the signs of retention, with cystic, tubular contents of the seminiferous tubules, it is necessary to document the size of the mediastinum testis at maximum sections^([@cit0013])^ ([Fig. 4](#f0004){ref-type="fig"}). Identification of an occasional, non-palpable or clearly palpable hypoechoic lesion with an increased consistency is an indication for an urgent urology consultation ([Fig. 5](#f0005){ref-type="fig"}).

![A hypoechoic lesion (arrows) with polycyclic outlines in the lower testicular pole -- longitudinal B-mode section and elastography](JoU-2016-0039-g003){#f0003}

![Seminiferous tubule retention in the region of the mediastinum testis with a coexisting cyst (arrows)](JoU-2016-0039-g004){#f0004}

![**A.** A 36-year-old patient with hypogonadism (3 mm in diameter, hypoechoic focal lesion -- an arrow). **B.** A hypoechoic lesion with a diameter of 4 mm, with single marginal vascular segments in color Doppler (arrows). **C.** A hypoechoic lesion with a diameter of 5 mm in power Doppler; a wide range of power Doppler (arrows)](JoU-2016-0039-g005){#f0005}

The obtained ultrasound image of the tumor can indicate the need to determine tumor markers, such as alpha-feto-protein and β-HCG^([@cit0014])^. If a focal lesion is found, the conclusions of the examination should contain a suggestion on the need for other imaging modalities of the abdomen, retroperitoneal lymph nodes and parenchymal organs.

Scrotal trauma {#sec4}
==============

An assessment of the continuity of the tunica albuginea, testicular and epididymal size and structure, as well as Doppler evaluation of the testicular parenchyma are important components of scrotal ultrasound in patients with post-traumatic pain and lesions ([Fig. 6](#f0006){ref-type="fig"}). If hematoma is identified, it is necessary to evaluate its size and location. The high sensitivity and specificity of the examination provide an urologist with a wide range of information necessary for treatment qualification^([@cit0015])^.

![**A.** B-mode images. Scrotal injury in the region of the upper testicular and epididymal pole with a disrupted tunica albuginea (an arrow). **B.** Power Doppler images. An assessment of the distribution of flow velocities in the patient from Fig. 6 A (an arrow)](JoU-2016-0039-g006){#f0006}

Abnormal scrotal fluid reservoirs {#sec5}
=================================

A small, physiological amount of liquid between testicular sheaths in the scrotum is necessary for normal testicular, epididymal and spermatic cord mobility. The evaluation of an increased amount of liquid is complex. The borderline between the term "hydrocele" and a physiological amount of fluid still remains unclear. Apparently benign hydrocele can be etiologically associated with embryonal testicular tumors or precede their development^([@cit0016])^ in the case of mesothelioma of the tunica vaginalis testis^([@cit0017])^, metastases, e.g. adenocarcinomas^([@cit0018])^, granulosa cell tumor^([@cit0019])^, as well as rhabdomyosarcoma^([@cit0020])^ and other^([@cit0021])^. A hydrocele can sometimes indicate the presence of post-traumatic lesions or partial pedicle torsion^([@cit0022])^. Therefore, it is important to determine the amount of liquid, preferably by measuring its volume ([Fig. 7](#f0007){ref-type="fig"}).

![**A.** A testicular hydrocele -- a longitudinal section. **B.** A testicular hydrocele -- a cross-section, hydrocele volume measurement](JoU-2016-0039-g007){#f0007}

In the case of clinically suspected malignancy, volume measurement as well as the growth of hydrocele accompanied by an increase in its consistency may be an indication for fluid diagnostic cytopathology^([@cit0023])^. It should be noted that the amount of abnormal fluid in children can be associated with rapid growth and reduction due to the so-called hydrocele in communication with the abdominal cavity. An assessment of the volume and the dynamics of hydrocele is significant in the case of postoperative complications in inguinal hernia, varicocelectomy and other surgical procedures, indicating the need for a revision surgery ^([@cit0024])^.

Epididymis {#sec6}
==========

In the case of normal, non-enlarged epididymis, usually mainly the head and the body are visualized. It is usually difficult to separate the epididymal tail from the initial part of the spermatic cord. Determining the size of epididymis seems unnecessary in the absence of enlargement. In the case of epididymal enlargement with clearly visible body and tail, it is recommended to document the size of the head in the sagittal plane as well as the size of the body and the tail, also in the sagittal plane ([Fig. 8](#f0008){ref-type="fig"}).

![Epididymal enlargement in the head region with a sagittal dimension of 12 mm, with the signs of epididymal duct retention (arrows)](JoU-2016-0039-g008){#f0008}

Normal epididymis is characterized by a homogenous echogenicity. Sometimes, a few-millimeter epididymal or testicular appendices can be seen at the junction between the epididymal head and the testis. Their presence and structure should be evaluated in the case of pain symptoms, particularly in boys, as these structures may be subject to torsion.

Cystic degeneration can be also seen in these appendices. If abnormal fluid spaces are visualized within the epididymis, this is an indication for shape and size determination. Multiple, small linear fluid structures seen within the epididymis indicate epididymal duct retention and may result from vas deferens obstruction or, at the level of prostate, ejaculatory duct obstruction ([Fig. 9](#f0009){ref-type="fig"}).

![Non-inflammatory dilatation of epididymal head and body in Power Doppler; single vascular segments present in the testicular parenchyma -- a picture of vas deferans obstruction (arrows)](JoU-2016-0039-g009){#f0009}

Epididymal cysts, which usually take a regular shape and are up to a few millimeters in diameter, are another common pathology ([Fig. 10](#f0010){ref-type="fig"}). Cysts with polycyclic, irregular borders require a three-plane measurement ([Fig. 11](#f0011){ref-type="fig"}).

![An epididymal head cyst with smooth walls and a regular shape, with a diameter of 3 mm (an arrow)](JoU-2016-0039-g010){#f0010}

![Epididymal head destruction due to a multi-chambered cyst with polycyclic outlines (arrows)](JoU-2016-0039-g011){#f0011}

An assessment of the dynamics of cystic size as well as a spermogram, particularly in men with reproductive failures, provide important information for the decision on surgical treatment. Therefore, it is important to determine the number and the distribution of abnormal fluid reservoirs. Epididymal cysts can be multiple. Abnormal fluid reservoirs can also occur in the epididymis as well as in the spermatic cord, forming an obstructive barrier preventing sperm passage and causing pain or discomfort ([Fig. 12](#f0012){ref-type="fig"}).

![Abnormal fluid reservoirs within the spermatic cord (an arrow) and the epididymal head (an asterisk)](JoU-2016-0039-g012){#f0012}

Abnormal changes in the epididymal tissue require shape, size and vascular pattern determination ([Figs. 13](#f0013){ref-type="fig"} and [14](#f0014){ref-type="fig"}).

![A well-delineated hypoechoic lesion within the epididymal head, with a diameter of 7 mm in Power Doppler ultrasound: no flow velocity (arrows)](JoU-2016-0039-g013){#f0013}

![**A.** An isoechoic lesion with polycyclic outlines in Power Doppler ultrasound, with rich flow velocities (arrows). **B.** Elastography -- compressibility distribution in elastography evaluation: the lesion presented in Fig. 14 A](JoU-2016-0039-g014){#f0014}

Spermatic cord assessment {#sec7}
=========================

The spermatic cord is a structure mostly formed by a network of arterial blood vessels supplying blood to scrotal organs with blood as well as veins, which form the so-called pampiniform venous plexus, lymphatic vessels and the vas deferens (whose lumen is usually invisible).

Due to the slow, a few-millimeter venous blood flow, these vessels can show no Doppler signal. The number of veins is subject to intersubject variability (between one and a few vessels). Differentiation between venous and arterial vessels in grey-scale ultrasound is very difficult, and even impossible in some cases. The so-called Valsalva maneuver, which increases the intra-abdominal pressure and, in the case of varicocele, elicits an increased Doppler signal ([Fig. 15](#f0015){ref-type="fig"}) and blood flow reversal with venous dilatation ([Fig. 16](#f0016){ref-type="fig"}) can help differentiate the nature of vascular blood flows. Spectral Doppler can be used to confirm the reversed blood flow.

![An increased venous flow in Color Doppler US](JoU-2016-0039-g015){#f0015}

![Reversed flow direction in left-sided varicocele in Spectral Doppler US](JoU-2016-0039-g016){#f0016}

Various scales, depending on varicocele location (spermatic cord, scrotum), or Dubin and Amelar's classification can be used for a reliable quantitative assessment of varicocele^([@cit0025])^. Varicocele diagnosis belongs to more controversial ultrasound examinations in urology. The Valsalva maneuver results in an excessive mobility of the vessels of the spermatic cord, which leads to a false-positive diagnosis, while poor quality of an ultrasound device can account for a false-negative diagnosis. The measurement of spermatic cord diameter is particularly significant in the monitoring of testicular and epididymal inflammation, when vascular perfusion impairment as well as a common increase in echogenicity of spermatic cord structures and spermatic cord thickening occur. An assessment of vascular flow within the spermatic cord is particularly important in the case of suspected pedicle torsion. An evaluation of vascular flow impairment or absence can be of high importance in the diagnosis of the height and type of testicular ([Fig. 17](#f0017){ref-type="fig"}) or epididymal torsion. Doppler ultrasound as well as the evaluation of testicular and epididymal blood flow provide important information for the differentiation between pedicle torsion and testicular/epididymal inflammation.

![**A.** B-mode images. Heterogeneously reduced testicular and epididymal echogenicity in a patient with suspected testicular torsion. **B.** The absence of Doppler signal in a patient with pedicle torsion](JoU-2016-0039-g017){#f0017}

If solid focal lesions are detected in the spermatic cord, thorough measurements in three perpendicular planes should be performed.

It is important to determine the vascular pattern ([Fig. 18](#f0018){ref-type="fig"}).

![A mixed-echogenicity lesion of the spermatic cord in Power Doppler US; trace peripheral flow velocity (arrows)](JoU-2016-0039-g018){#f0018}

Neoplastic lesions of the spermatic cord are very rare. These are usually adenomas or reservoirs containing hypercellular fluid that imitate tissue lesions. Visualization of the vas deferens ([Fig. 19](#f0019){ref-type="fig"}) and the fluid it contains is very rare. It is most often seen in obstructive defects, vas deferens obstruction, prostatitis or neoplastic invasion ([Fig. 20](#f0020){ref-type="fig"}).

![The vas deferens lumen seen in the spermatic cord](JoU-2016-0039-g019){#f0019}

![Vas deferens obstruction with coexisting cystic lesions -- CFTR gene mutation (arrows)](JoU-2016-0039-g020){#f0020}

The inguinal canals {#sec8}
===================

Since a number of abnormalities affecting the ultrasound image and causing testicular and epididymal symptoms can occur within the inguinal canals, these structures also require assessment together with the scrotum. The most common lesions include easily distinguished spermatic cord hydrocele, hernias^([@cit0026])^, and, sometimes, tumors^([@cit0027])^. Due to the location of the spermatic cord in the inguinal canal and the possible development of the above mentioned abnormalities, they should be thoroughly assessed in men with reproductive failures. Any compression or pathology within the spermatic cord can be an etiology of male infertility^([@cit0028])^.

Documentation {#sec9}
=============

The documentation of ultrasound examination should include (in addition to the type of an ultrasound apparatus, the type of an ultrasound transducer and patient's data): a description of testicular and epididymal morphology, echogenicity and size as well as testicular volume; a description of all pathological lesions with their exact location and size; an assessment of the vasculature of testicular and epididymal pathological lesions; a measurement of venous width and Valsalva maneuver findings in the diagnosis of varicocele; an assessment of the contents of the inguinal canal in the case of cryptorchidism or hernias.

In the case of diagnosed testicular tumor or varicocele, the patient should be informed on the need for abdominal and retroperitoneal ultrasound (optionally para-aortic lymph nodes, liver metastases, kidney cancer).

In the case of scrotal trauma, ultrasound findings should include a description of morphological changes in the skin and the septum of the scrotum; a description of morphological changes in the tunica albuginea, testicular/epididymal parenchyma and spermatic cord; an assessment of testicular and epididymal vasculature; as well as an assessment of the presence of fluid or blood clots in the scrotum.

The description of morphological changes should end with diagnostic conclusions and, optionally, proposals of further diagnostic or follow-up ultrasonographic evaluation.

The description should also contain photographic documentation, showing all the identified and described pathological lesions.
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